Objective: Peculiarities and age dynamics of hemispheric asymmetry investigation in children and adolescents with hypertension. Materials and methods: 196 children and adolescents aged 10 to 17 years (15,0 ± 1,4), including 98 patients with arterial hypertension (AH) (15,1 ± 1,5) and 98 healthy children of the control group (14,9 ± 1,3). The number of boys in the comparison group and the main group of patients with AH was respectively 60 (61.2%) and 59 (60.2%), girls -37 (37.8%) and 39 (39.8%). Results: The majority of children and adolescents with hypertension sensorimotor asymmetry differed by low intensity, indicating a decline in the dominance of the left hemisphere. Accumulation of ambi-and left lateral features traced mainly in motor (53.6%) and auditory (60.2%) system, while asymmetry in the visual analyzer did not differ from the control group. Differences in the degree of hemispheric asymmetry increases in the ontogeny compared to control group. Conclusions: Identification of specificity hemispheric interaction in patients with hypertension (low asymmetry and its weak performance in ontogeny) can be considered not only as a pathological consequence of hypertension, but also as a compensatory mechanism for the redistribution of loads to the right hemisphere in terms of the functional deficit of the left hemisphere. It can be assumed that the rear parts of the brain may play a significant role in the processes of adaptation and compensation of occurring disorders in hypertension.
possible to consider this shift as one of the key factors of AH pathogenesis. Nevertheless, on the currently available information basis, it is impossible to conclude whether these alterations in hemispheric asymmetry are present in patients from the beginning, or appear at a later stage as arterial hypertension develops. by Research of the development of functional hemispheric asymmetry at early stages of arterial hypertension in childhood and adolescence may facilitate to answer this question. However, there are scarce publications in this area [12] [13] .
In this connection, the purpose of our study was to identify developmental dynamics and age-related features of hemispheric asymmetry in children and adolescents with arterial hypertension.
Methods

Study design.
A control group study with no interference in clinical practice performed. The study included patients with AH (with existing outcome), who formed the main group, and practically healthy children and adolescents included into the control group. Differences in functional hemispheric asymmetry of the main and control group studied. The study based on cross section method.
Compliance criteria
Children and adolescents were included into the main group based on clinical and instrumental criteria, in accordance with the contemporary classification developed by expert group of All-Russian Research Society of Cardiologists and Association of Children's Cardiologists of Russia, which was approved in 2003 (14) . All patients with arterial hypertension have undergone differential diagnosis on compulsory basis to identify cases of symptomatic arterial hypertension.
If the latter confirmed, the child or adolescent excluded from the main group. Other criteria for selection of adolescents into the main group involved age and gender, which had to be appropriate to the main group, as well as absence of acute pathology, aggravation of chronic sites of infections during the study, and absence of chronic diseases and genetic predisposition to arterial hypertension. Another mandatory condition was to obtain informed consent of the child and parent for participation in the study.
Conditions of study
Patients of the main group studied at outpatient clinic of Federal State Budgetary Research
Institution "Scientific Centre of Family Health and Human Reproduction Problems". The control group formed randomly among students of Irkutsk city Municipal Secondary Schools
No. 39 and 44, and Municipal Autonomous Educational Institution "Lyceum of Irkutsk State University". All participating children and adolescents informed about the purpose of the study, and they confirmed their correct understanding of the purpose.
Duration of study
The entire duration of study amounted to three years. Tests to examine an individual child or adolescent lasted for 40 to 55 minutes. Testing procedures in both main and control group conducted before noon (10-12 hr AM).
Study outcome
Main outcome of the study was identification of the deviation in development of functional hemispheric asymmetry in children and adolescents with AH.
Recording methods outcome
Methods used to analyze the condition of sensorimotor hemispheric asymmetry in children and adolescents: evaluation of hand asymmetry by self-assessment test based on Annet's [15] questionnaire, motor tests to determine the dominant hand, and tapping-test (measurement of the maximum rate of hand motions). Tests performed with psycho-physiological hardware and software complex "Functional asymmetries" (by LLC Research and Methodology Center "Analytic", Omsk). Hand asymmetry factor was calculated based on the formula: Кdom = (Еr -Еl) / (Еr + Еl + Ео) х 100, where : Еrnumber of events indicating domination of right hand, Еlleft and Еоno domination of either hand is observed [16] .
Functional asymmetry was determined through a set of tests, including tests to identify the dominant eye (Rosenbach test, "terrestrial telescope" and "aiming" tests) and dominant ear ("whisper", "clock beating", and "telephone" tests [17] . A score-based grading system used to assess the extent of asymmetry, which enabled to rank the children by the manifestation degree of functional asymmetry. Maximum score was 5 (for right-handed) and minimum score -0 (for left-handed).
Ethics expert review
The protocol of study was approved by local ethics committee (Committee on Biomedical Ethics Δx -maximum error.
The following parameters may be accepted in the study to determine mean accuracy -Δx ≈ 0.1-0.3 (10-30%); t -probability indicator (1.96 for 95% confidence intervalused for majority of studies (21) . Values of t = 1.96; Δx=10% are adopted. Therefore, for general totality of 50,920 
Results
Study participants
The study scheme was based on single-stage testing of the condition of functional hemispheric asymmetry in 196 school students of Irkutsk city aged 10 to 17 (average age 15.0±1.4). These included 98 (average age 15.1±1.5) diagnosed with arterial hypertension, who were included into the main group, 59 boys (60.2%) and 39 girls (39.8%). Control group composed of 98 practically healthy children and adolescents of gender and age compatible to those of members of the main group: average age in the group amounted to 14.9±1.3, including 60 boys (61.2%) and 37 girls.
(37.8%). All tested children classified into three age subgroups, which correspond to early, middle and late adolescence (22-23). The first subgroup consisted of children aged 10-12 years, the second group -13-15 years and the third group -16-18 years. The lower limit of the age range -10-12 years coincided with the start of AH development and transition to early adolescence, while the upper limit -16-18 years coincided with the end of adolescent age.
Results
Key results of the study
Particular distribution of lateral features enabled their grouping by different hand asymmetry types (Table 1) . Right lateral features were dominant in the control group: 60.8% of children received 4-5 points based on hand tests. Patients with AH demonstrated symmetrical profile of asymmetry: 49.4% scored 2-3 points. The number of left-handed members in two groups was virtually equal, and they spread uniformly across the groups (4.2% and 3.8%). Statistically significant differences (p = 0.031 and p = 0.036) were found by domination of right lateral or symmetrical features between the main group and control group. Mean value of hand asymmetry in the main group was low, being equal to 33. Meanwhile in the control group the same value amounted to 50 (p = 0.047). Dominant right foot was determined in 70.1% children and adolescents of the control group and in 51% of patients of the main group (significance of difference p = 0.002). On the contrary, dominant left foot occurred more frequently in the main group than in the control group (p = 0.008).
In relation to auditory system, patients with AH had predominantly left type of lateralization: number of individuals with dominant left ear reached 42.8% vs. 26.8% in the control group (p = 0.008) ( Hemispheric asymmetry in the vision system in children and adolescents with AH did not reveal any considerable differences with the control group, which is different to hand and auditory asymmetry. Distribution pattern of individuals with different types of vision asymmetry was virtually identical in the two groups, and no significant distinctions detected (Table. 3).
Consolidated data on sensorimotor asymmetry obtained in the course of analysis of perceptive and motor asymmetries confirmed the regularities in formation of lateralization in children and adolescents with AH. The difference between data variance in the control group and main group was insignificant (F=1,117, p=0,586), however, asymmetry expressed in score points was different: in the main group-4.8±1.4 and in control group -6.4±1.4 (χ2 =50.6, p < 0.001). Accordingly, in the main group of patients with AH, the process of sensorimotor lateralization demonstrated low development of hemispheric asymmetry. This also confirmed by specificity in ontogenetic development of functional hemispheric asymmetry in children and adolescents with AH, as shown in Table 4 .
No significant deviations in lateral preferences were found between the main and control group within the first subgroup (10-12 years old), i.e. patients with AH and healthy children did not differ by the extent of hemispheric asymmetry development. In the second subgroup (13) (14) (15) years old), the dynamics of asymmetry development was different. In control group, asymmetry manifestation continued to increase, while in patients with AH it remained virtually unchanged.
Due to this, the spread between features of hand and sensorimotor lateralization between main and control groups reached the level of high statistical significance (p<0.01; p< 0.001). Boys with AH revealed more sustained differences in hemispheric asymmetry features, while girls demonstrated a combination of significant differences in hand asymmetry and lack of significance in sensorimotor asymmetry.
In the third subgroup (16-17 years old), differences in manifestation of hemispheric asymmetry between patients with AH and healthy adolescents continued to increase. This differentiation based on different development strategies of hemispheric asymmetry in children and adolescents of the main and control groups. In particular, members of control group demonstrated continued progressive lateralization of functions. In patients with AH, the process of lateral preferences developing targeted on asymmetry stabilizing at a relatively low level of manifestation. This explains further continued growth of difference in asymmetry features between the main and control group along the age line.
Discussion
Change of auditory dominance in more than one-half of tested children and adolescents with AH and considerable decline of the right hand coefficient may indicate the chronic deterioration of the functional condition of frontotemporal areas in the left hemisphere, in response to pathological impact of arterial hypertension. It is apparent that absence of deviations in development of visual asymmetry in patients with AH indicates at relatively good preservation of rear parts of the brain in the development process of arterial hypertension. We can assume that rear parts of the brain may play a significant role in the processes of adaptation and compensation of occurring disorders in hypertension.
The discovered specific features of hemispheric interaction in patients with AH caused by low development of asymmetry can be considered not only as a pathological consequence of hypertension, but also as a compensatory mechanism for the redistribution of loads to the right hemisphere in terms of the functional deficit of the left hemisphere. A similar effect is observed in adult patients, when aggravation of circulation disorders and associated cortical neurodynamics during the development of arterial hypertension weakens the left hemisphere domination and increases the right hemisphere domination [10] . 
Disturbance of normal regularities in development of lateral organization profile in patients
with AH enables to consider the disintegration of interaction between brain structures as the base mechanism of systemic transformation , which cause the development of arterial hypertension.
Of high importance is the fact the according to existing publications [28], left hemisphere domination in absence of pathology corresponds to higher efficiency of adaptive self-regulation mechanisms, while increased functional activity of the right hemisphere reduces their efficiency.
This feature accounts for the specificity of hemispheric interaction asymmetry development in children and adolescents with AH.
Conclusion
In majority of children and adolescents with hypertension, sensorimotor asymmetry was low, associated with accumulation of ambi-and left lateral features, which manifested mainly in motor and auditory system. This is an evident sign of the decline of left hemisphere's domination 
Table 1 Distribution of lateral features in hand tests of patients with AH and in control group
